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effects are diarrhea, headache and dizziness, and it's contraindicated in patients with congestive heart failure. It is traditionally used in the treatment of patients with intermittent claudication secondary to chronic obstructive arterial disease who do not present pain at rest or tissue necrosis. In these patients, Cilostazol improves the distance patients can walk without pain 7, 9 . However, to date, there are no studies on its impact on the evolution of degloving flaps.
■ Methods
The study was performed at Laboratory of Operative Technique and Experimental Surgery, Pontifícia Universidade Católica do Paraná, and in accord with Brazilian law the Council for International Organization of Medical Sciences-CIOMS.
For the experiment, 30 male rats of the lineage Wistar (Rattus norvegicus albinus, Rodentia mammalia), with age ranging from 10 to 12 weeks and weight varying from 250 to 320 grams were distributed in two groups (control and experimental) with 15 animals each. The rats were housed in individual containers, kept in a controlled warm environment to avoid hypothermia, receiving water and feed ad libitum and submitted to light/dark periods of 12/12 hours.
The animals were submitted to general anesthesia by intramuscular administration of 75 mg/kg of Ketamine (Bayer ® ) and 10 mg/kg of Xylazine (Bayer ® ). Next, the right hind limb and inguinal region were shaved, followed by a circumferential incision at the base of the thigh, covering skin and subcutaneous tissue (Figures 1 to 3 ). Four Backaus hooks were positioned at the distal edge of the incision (in the anterior, posterior, lateral and medial quarters of the limb), and the degloving of the skin and subcutaneous flaps was performed by means of distal progressive traction sufficient
■ Introduction
Degloving injuries, also called partial avulsions, are lesions that cause separation of skin and subcutaneous tissue from the underlying muscle and fascia. Most degloved injuries occur on the extremities and chest, and are caused when the tissue is trapped between a fixed surface and a moving object, such as a road pavement and the wheel of a car 1, 2 . Such injuries are more frequent in the young male population (male = 61.9%, mean age = 32.5 years), generating a high cost to society in relation to working days missed and treatment-related costs 3 . The unbroken skin is the first defense against invasion of the body by external bacterial agents. A patient with avulsed skin loses this natural barrier, resulting in loss of plasma, blood, electrolytes and liquids, opening the door for infection, and often leading the patient to death. For this reason, it is necessary to quickly restore the skin barrier function and avoid such complications 4 . Physiologically, after a period of hypo perfusion or ischemia, the tissue produces several proinflammatory and angiogenic cytokines for a better tissue perfusion. To improve this physiological reaction, researchers have tested different drugs. However, no conclusion has been reached on the best drug to increase tissue perfusion , nor is there a consensus on the best management and treatment for these lesions 5 .
Cilostazol is a drug that exerts selective and potent inhibition of type III phosphodiesterase, causing an increase in cAMP in platelets, smooth muscle cells and endothelial cells, and is classified as a vasodilator and antithrombotic agent 6 . Through its antithrombotic effect, it also reversibly inhibits platelet aggregation. Cilostazol has a faster onset (4 hours) and a shorter duration (48 hours) than salicylic acid In the immediate postoperative period, the animals received the analgesic drug dipyrone at a dose of 30 mg/kg orally to avoid pain and suffering.
The rats were then divided into two groups, each group containing 15 animals as listed below: a) CONTROL group: One ml of saline solution was injected via orogastric tube immediately after suturing of the surgical wound and then twice a day for seven days (n = 15). b) STUDY group: 10 mg/kg of Cilostazol (Vasogard, Eurofarma ® ) diluted in 1 ml of saline solution were injected via orogastric tube immediately after surgical wound suture and twice daily for the following seven days (n = 15).
In both groups the flap was observed daily for signs of viability or non-viability (skin color, capillary filling, ischemia, congestion or necrosis), and surgical complications (hematoma, wound dehiscence and infection).
The animals were observed daily until the 7th postoperative day, when they were sacrificed through a lethal dose (150 mg/kg) of intraperitoneal thiopental (Cristália ® ). Exclusion criteria were the occurrence of transoperative or postoperative death and the presence of total or partial autophagy of the flap in the postoperative period.
The flap evaluation was performed by two methods: laser Doppler flowmetry for measurement of flap blood flow and planimetry to calculate the flap necrotic area.
The cutaneous flap was divided into 4 portions (proximal, middle and distal and distal) and at two points (lateral and medial). From each of these portions the blood flow was observed using laser Doppler flowmetry. The analysis was done by detecting red blood cell flow, and measured per ml of blood flowing in one minute, divided by 100 grams of tissue (ml/min/100g) 10, 11 . The final evaluation of the area of necrosis was performed through resection of the flap throughout its length, followed by planning of the flap alongside a scale in centimeters. A digital photograph with fixed focal length and without flash was taken in both groups.
The image taken from each animal was computer-processed and analyzed with the IMAGE J software (Image J version 1 For each of the variables, we tested the null hypothesis that the control group mean is equal to the Cilostazol group mean, versus the alternative hypothesis of different means.
■ Results
No surgical complications or autophagy of the operated limb were observed. One of the animals in the study group died on the 7th postoperative day during sedation for the Doppler flowmetry of the flap and was excluded from the analysis. The study group presented a smaller area and corresponding percentage of necrosis than the control group, with statistical significance (p<0.001) ( Figure 5 ). There was no statistical difference in the total flap area when the two groups were compared. For the four regions evaluated, the results indicate that there is a significant correlation between the percentage of necrotic area and blood flow. Negative correlation coefficients indicate that there is an inverse association between the percentage of necrotic area and blood flow, that is, low values (high) for the percentage of necrotic area correspond to high values (low) for blood flow.
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In Figures 6 to 9 , scatter diagrams for the percentage of necrotic area and blood flow are presented for the four regions evaluated. The avulsed flaps in the study group showed greater blood flow in the proximal and medial regions when compared to the same flap regions in the control group (p<0.001). No statistically significant difference was found in the blood flow for the distal medial and distal regions in the flaps of both groups (study and control).
Comparison of groups in relation to blood flow (Doppler)
Comparison of regions evaluated in flowmetry within each group
In both groups (study and control) blood flow was consistently greater as it progressed distally in the flap (p<0.001). However, when comparing the same flap region in both groups, the blood flow in the study group was higher in each of the regions studied (Table 4) . The flow diagram depicted in Figure 10 compares the blood flow in each of the regions in the two groups analyzed (control and study). 
■ Discussion
There are two surgical procedures for the treatment of degloving injuries. The first consists of cleaning the wound and repositioning the flap to its original position; the second, cleaning the wound and resecting the flap, with partial or total skin grafting from the flap, followed by grafting on the flap in initial care. The success of the treatment depends on some factors, such as the time elapsed from the trauma (greater or less than 24 hours), the presence of hemodynamic instability and the viability of the avulsion flap 5 . Surgical repositioning of the flap, supposedly quicker and more direct, may result in partial or total necrosis of the flap 10 . By repositioning and suturing the avulsed flap to its original position, drugs that increase the viability of this flap could be used to decrease the area of necrosis.
Kim et al. 12 reported that oral administration of Cilostazol plus aspirin effectively increased blood flow in thrombosed anastomoses in the external iliac artery of rats. Nakamura et al. 13 demonstrated that Cilostazol induces vasodilation in the thoracic artery of rats by increasing nitrous oxide (NO) production in aortic endothelial cells. Nitrous oxide plays an important role in the physiology of the flap after elevation and acts directly on vascular smooth muscle causing arterial vasodilation. Many studies have evaluated the effect of Cilostazol on nitrous oxide synthesis and have demonstrated that it potentiates nitrous oxide synthesis induced by interleukin-1 beta (IL-1 beta), probably via cAMP-dependent pathways 14, 15 . Cilostazol also appears to attenuate cytokine-induced expression of iNOS (NO synthase protein expression) and increase the concentration of nitrite, which is a stable metabolite of nitrous oxide 15, 16 . Some studies have demonstrated an advantage in the topical application of Cilostazol, which inhibits the intimal hyperplasia of vein grafts in rat models 17 and increases blood flow in the skin of rabbits 18 . Most studies published in the literature demonstrate the effect of Cilostazol on increased blood flow. However, the effect of this drug on the evolution of skin-repellent flaps has not yet been established.
In the present study, Cilostazol was used as adjuvant therapy in the treatment of degloving injuries and postoperative enteral administration was associated with increased blood flow and lower percentage of necrotic area in the flap. Through objective methods (Doppler flowmetry and planimetry), it has been shown that there is an inverse correlation between the blood flow and the percentage of the area of necrosis, this relationship being more evident the more proximal in the flap. Doppler flow assessment also showed a greater mean blood flow in the flaps of the Cilostazol group, which may justify the smaller area of necrosis in the study group compared to the control group.
In the literature, several studies analyze the effect of drugs on the evolution of randomized non-degloving flaps [19] [20] [21] . Studies evaluating the influence of substances on the development of degloving injuries are scarce.
Oztuna et al. 22 developed a model of degloving injuries in rats. After detachment of the flap by manual traction and re-suturing to its original bed, the study group received pentoxifylline (25 mg/kg/day) intraperitoneally for 10 days. On the 21st postoperative day, the authors resected the area of the degloving flap and examined it histopathologically. The epithelium of the control group presented loss of the superficial layer of epidermis and intense inflammatory infiltrate in the dermis. The epithelium of the pentoxifylline group recovered normal thickness and did not present any inflammatory infiltrate.
Michelski et al. 9 analyzed the influence of three drugs on the development of degloving skin flaps in an animal model similar to that developed in our study. Pentoxifylline -a drug with the property of improving tissue blood flow by increasing the plasticity of red blood cells -reduced the area of necrosis in avulsed cutaneous flaps of rats by 21.64%. Another drug analyzed was allopurinol, an antioxidant drug that acts as an inhibitor of the enzymes responsible for the formation of free radicals. Using an intraperitoneal 45 mg/kg dose of allopurinol, there was a 28.49% decrease in the total necrotic area in the study group compared to the necrotic area in the control group; the percentage of total necrotic area in the control group was 63.34%, and the percentage of the necrotic area using allopurinol was 34.85% 9 . The third drug studied was enoxaparin, a low molecular weight heparin with an anticoagulant effect responsible for preventing the formation of thrombin. The findings showed a decrease of 30.63% of the tissue necrosis rate in the flap 9 . Pentoxifylline, allopurinol and enoxaparin demonstrated the ability to reduce the area of necrosis in the flap; however, with necrotic areas in flaps in the study group greater than the values obtained in the present study using Cilostazol (16.6% vs. 41.7%, 34.85%, 32.71%, respectively) 9 .
Regarding the methods used to obtain the results, both planimetry and Doppler flowmetry are objective, reliable and reproducible methods for other studies. These features provide credibility to the results found in the present study, in addition to possible comparison with other drugs in the near future.
Despite the promising findings in cutaneous flaps of rats, it is important to consider that rat skin is different from human skin, mainly because it has a layer of striated muscle located between the dermis and subcutaneous adipose tissue (Panniculus carusus muscle) 23 , which may be responsible for increased blood flow and lower rates of cutaneous necrosis in these mammals. Therefore, the direct comparison of degloving injuries in rats and in humans is difficult 24 . Clinical trials with degloving injuries in human skin may confirm the study's favorable findings.
■ Conclusion
Postoperative enteral administration of Cilostazol increased blood flow in the flaps secondary to degloving injuries and decreased the total area of necrosis in an experimental model in rats.
■
